The habitual hypertonicity of the renal medulla appears to be an important determinant of the unique vulnerability of this tissue to infection (1, 2) . Experimental pyelonephritis can be prevented, in the rat, by decreasing the normally hypertonic environment of the renal medulla through sustained water diuresis (1) . However, the precise mechanism responsible for the protection afforded the renal medulla during water diuresis has not been clearly defined.
The rapidity of leukocyte mobilization to the site of primary lodgment of bacteria has been shown to be important in determining, at least in part, the fate of invading microbial agents (3) (4) (5) (6) . A delay in the mobilization of granulocytes has been observed in the medulla of the rabbit kidney after acute thermal injury (7) , which suggests that deficiencies in granulocyte mobilization play an important role in the increased susceptibility of the renal medulla to bacterial infection. It seemed desirable to determine the effect of water diuresis on the mobilization of leukocytes into the medulla of the kidney insofar as this might explain the decreased susceptibility of the kidney to infection during water diuresis. Thermal injury was selected to initiate an inflammatory response specifically to avoid the effects of bacterial infection on leukocyte integrity. The results of the present studies indicate a marked difference in the speed of leukocyte mobilization into the renal medulla of control rats as compared with the renal medulla of animals undergoing water diuresis.
* Submitted for publication December 9, 1965; accepted February 17, 1966. Aided by grants AI 05585 and AI 06308 from the U. S. Public Health Service and by a grant from the American Heart Association. The inflammatory response of each lesion was evaluated and recorded as follows: no granulocytic infiltrate, occasional granulocyte, diffuse granulocytic infiltrate, focal clumps of granulocytes, and dense granulocytic infiltrate. Leukocyte margination, cellular infiltration, edema, and necrosis were also estimated in each lesion.
Results
Comparison of the acute inflammatory response in the renal medulla of control rats and those undergoing water diuresis ( Figure 1 ). Examination of all kidneys studied confirmed that the thermal injury had been placed in either the inner medulla or papilla of the kidney. Cellular infiltrate, when present, was predominantly granulocytic and occurred at the periphery of the burn. In contrast, the center of each burn was uniformly avascular and necrotic. Hemorrhage, congestion, edema, and necrosis appeared comparable in medullary lesions of kidneys from both control animals and those undergoing diuresis. Although attempts were made to grade each lesion quantitatively, definitive granulocyte infiltration was considered to be present when a diffuse leukocytic infiltrate, focal clumps of leukocytes, or dense leukocytic infiltrate was observed. Lesions containing an occasional granulocyte, although recorded, were considered as having no appreciable inflammatory response.
Leukocytes were not seen in the medullary lesions of control animals studied 4 hours after thermal injury. In contrast, half of the corresponding medullary lesions in animals undergoing diuresis contained a slight but diffuse granulocytic infiltrate at the periphery of the burn. The remaining half of the medullary lesions of animals undergoing diuresis contained an occasional granulocyte also seen at the peripheral areas of the burn. Although these observations suggested that the mobilization of leukocytes into the renal medulla of animals undergoing a water diuresis was enhanced as early as 4 hours after injury, the differences observed were not striking.
Eight control animals ( Figure 2 ) except for an occasional granulocyte observed in the peripheral area of one lesion. In contrast, 75%o of medullary lesions in animals undergoing diuresis clearly contained a diffuse peritubular and intratubular granulocytic infiltrate at the periphery of the burn ( Figure 3 ).
Twelve hours after thermal injury leukocytes were still not readily seen in medullary lesions of control animals. However, numerous granulocytes, largely in focal clumps, were observed in the peripheral areas of medullary lesions of kidneys from rats undergoing water diuresis (Figure 4) .
The first inflammatory response to thermal injury in the medulla of control animals was observed in tissue sections obtained 24 hours after burn and was similar in intensity to the inflammatory response observed in kidneys undergoing diuresis at 8 and 12 hours. In comparison, the inflammatory response observed in medullary lesions of animals undergoing diuresis 24 hours after burn was greater than similar lesions in control rats and consisted of a dense, peritubular and intratubular granulocytic infiltration with occasional mononuclear cells ( Figure 5 ).
Comparison of the acute inflammatory response in the cortex of control kidneys and of those undergoing diuresis (Figure 1) jury, which has been observed in the rabbit kidney (7), was not seen in the present studies. Although glomerular hemorrhage, edema, congestion, and necrosis were observed at all intervals studied and were comparable in cortical burns from both control animals and animals undergoing diuresis, leukocytic infiltration into glomeruli was never observed.
The first good cortical inflammatory response, seen in those lesions studied 8 hours after thermal injury, appeared to progress in intensity by 12 and again by 24 hours regardless of whether the lesions were produced in the cortex of control rats or animals undergoing diuresis. Although the response to lesions in both groups was variable, there seemed to be no difference between the average inflammatory reaction observed in the renal cortex of control rats and the cortex of animals undergoing diuresis when lesions were compared at the same interval after thermal injury.
Comparison of acute inflammatory responses in the cortex with those in the medulla of control kidneys and those undergoing water diuresis (Fignre 1) . The In contrast, the promptness and intensity of the average inflammatory response in the renal medulla of rats during water diuresis were equal to or greater than the inflammatory response observed in cortical lesions in the same animals.
Urinary osmolality (Figure 6 ). The mean osmolality of the urine before inactin anesthesia was 1,100 and 125 mOsm per kg in 9 control and 11 rats undergoing diuresis, respectively, and closely approximated the values obtained in a previous 850 xU ... study (1) . These values remained relatively constant (4-, 8-, and 12-hour determinations) in both groups during narcosis-and in animals undergoing diuresis after inactin anesthesia (24-hour determinations). A slight decrease was observed in the osmolality of the urine samples obtained from control rats 24 hours after the onset of anesthesia.
Urine flow before anesthesia averaged 0.7 ml per hour in 10 control rats and 4.0 ml per hour in 16 rats undergoing water diuresis. Similar mean rates of urine flow, 0.7 ml per hour in control animals and 3.0 ml per hour in animals undergoing water diuresis, were observed during inactin anesthesia. Glucosuria did not occur in those rats undergoing water diuresis.
Discussion
The present studies demonstrate that water diuresis enhances the mobilization of granulocytes into the renal medulla as early as 4 and clearly by 8 hours after injury. In contrast, there is a delayed inflammatory response in the normally hypertonic renal medulla where granulocytes first appear between 12 and 24 hours. The present studies also demonstrate that leukocytes are mobilized into the renal cortex with equal rapidity in both control rats and animals undergoing diuresis and at a faster rate than observed in the normal renal medulla. The rapidity of granulocyte mobilization into the renal medulla during water diuresis is comparable to the speed of granulocyte mobilization into the renal cortex, normal human skin (5, 8) , and guinea pig skin (6, 9) , tissues that have been shown to be relatively resistant to bacterial infection. In contrast, the delayed inflammatory response in the medulla of control rats is similar to the delay in leukocyte mobilization seen in the medulla of normal rabbit kidneys (7), the skin of untreated leukemic patients (8) , and alloxan-diabetic acidotic rabbits (4), which appears to explain, at least in part, the increased susceptibility of these tissues to bacterial infection.
Blood and interstitial fluids of the medulla are hypertonic when the urine is concentrated, but ap- proach the tonicity of peripheral blood during water diuresis (1, 10) . The present data, therefore, suggest that an isotonic or nearly isotonic environment may be necessary for prompt leukocyte migration, since water diuresis, which accelerated the inflammatory response, is known to decrease the concentration of solutes in the normally hypertonic tissues of the renal medulla (1) . In addition to changes in the tonicity of the medulla, changes in blood flow to the medulla may be related to the enhanced mobilization of leukocytes in this tissue during water diuresis. Since water diuresis probably increases blood flow to the medulla (but not the cortex) (10, 11) , the enhanced inflammatory response observed in the medulla (but not the cortex) during water diuresis might simply result from the more rapid delivery of greater numbers of phagocytes to the area of injury. The influences of medullary osmolality and of medullary blood flow upon susceptibility to infection are difficult to separate. Hamburger (12) and Chernew and Braude (2) have demonstrated that hypertonic environments, within the range normally found in the renal medulla, inhibit phagocytosis by polymorphonuclear leukocytes, and the present data suggest that hypertonicity may also delay the migration of polymorphonuclear leukocytes to the site of injury. Previous observations by many workers (3-9) have suggested that the rapidity of granulocyte mobilization is a major determinant of the eventual outcome between microbe and host after primary lodgment of the organism, and the observations of Rocha and Fekety (7) in particular suggest that deficiencies in granulocyte mobilization play an important role in the increased susceptibility of the renal medulla to infection. In addition, Louria, Fallon, and Browne (13) and Rocha and Fekety (7) have suggested that intratubular residence of bacteria and fungi in the renal medulla may provide some protection from destruction by cellular defense mechanisms. The absence of intratubular granulocytes in the medulla of control rat kidneys examined in the present studies and in the kidneys of rabbits observed by Rocha and Fekety (7) supports this concept. Furthermore, the present data clearly demonstrate that granulocytes are not only present in the renal medulla shortly after injury, but they are also frequently found in the lumen of those medullary tubules around the injured area in rats undergoing water diuresis. These observations, therefore, may possibly explain, at least in part, the protective effect of water diuresis in preventing renal infection (1) . Although water diuresis enhances the mobilization of leukocytes into the medulla, other mechanisms of resistance may also be affected by this procedure. Water diuresis, simply by increasing medullary blood flow, may also enhance the delivery of antibody, complement, or other bactericidal elements of blood to the injured medulla. However, no attempt was made to define these possibilities in the present study.
Water diuresis clearly decreases medullary hypertonicity (1), permits a prompt granulocytic response to medullary injury, and provides a favorable environment for phagocytosis per se (2) . In these respects, therefore, experimental support is provided for the well-established clinical practice of "forcing fluids" in patients with renal infection. Summary The acute inflammatory response to thermal injury in the medulla and cortex of control rats and rats undergoing a chronic water diuresis was determined by serial histologic study. Water diuresis enhanced the mobilization of granulocytes into the renal medulla. In contrast, the inflammatory response was delayed and diminished in intensity in the renal medulla of rats excreting a concentrated urine. Leukocytes were mobilized into the renal cortex with equal rapidity in both control animals and animals undergoing diuresis and at a faster rate than that observed in the renal medulla of control animals.
These results suggest that an isotonic or nearly isotonic environment may be necessary for prompt leukocyte migration into the medulla of the kidney and that the speed of granulocyte mobilization may have some bearing on the protective effect of water diuresis in preventing renal infection.
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